Organism size can vary by as much as 22 orders of magnitude ranging from ultra-small archaea found at the Richmond Mine at Iron Mountain near Redding in Northern California (mean volume of w0.03 mm 3 )
[1] to a honey fungus, Armillaria ostoyae, in the Malheur National Forest in the Blue Mountains of eastern Oregon (covering an area of 8.9 km 2 and weighing an estimated mass of 5.5 x 10 5 kg) [2, 3] . Growth is thus a fundamental tenet of biology; but, how is it regulated? Organismal growth is dictated by both genetics and by environmental conditions (Chihuahua versus Saint Bernard dog breeds and Bonsai trees respectively provide illustrative examples). Studies, particularly those made with fission and budding yeasts, have additionally demonstrated that cellular growth is regulated by cell-intrinsic cues. In a recent issue of Current Biology, Goranov et al. [4] now demonstrate that, by antagonizing the activity of target of rapamycin complex 1 (TORC1), which is a widely conserved regulator of eukaryote growth, actin polarization -and by extension, cell morphology -is one such cell-intrinsic growth regulator.
Growth of budding yeast cells is usually highly polarized (Figure 1 ). Mass synthesized in the mother cell is targeted, via vesicular trafficking, to the bud for deposition (mother cells, by definition, have already attained the critical size permissive for division and thus their growth is normally minimal during the cell cycle). This targeted vesicular trafficking is supported by a polarization of actin cables towards the bud in early S phase. Concurrently, cortical actin patches, thought to be sites of endocytosis and cell-wall remodeling, concentrate within the bud (reviewed in [5] ). Previously, by quantifying the growth rates of budding yeast cells arrested at various stages of the cell division cycle, the Hansen, Tyers and Amon groups collaboratively found that growth is faster in anaphase-and G1-arrested cells than in cells arrested in S phase or early mitosis, and thus observed an intriguing anti-correlation between growth rate and extent of actin polarization [6] . Subsequent manipulations of actin dynamics, to either promote or prevent polarization, demonstrated conclusively that polarization of the actin cytoskeleton markedly attenuates growth. However, these studies did not illuminate the molecular mechanisms involved. Now, having picked up where they left off, Goranov et al. [4] probed whether either RAS or TORC1 might be the molecular target through which actin polarization influences cellular growth. Both RAS and TORC1 are conserved regulators of eukaryote growth. RAS is a small GTPase, activated in yeast by poorly characterized signals emanating from carbon metabolism (reviewed in [7] ). GTP-bound RAS binds adenylyl cyclase and thereby stimulates production of cyclic AMP (cAMP) and subsequently activation of protein kinase A (PKA). PKA has many substrates that ultimately stimulate growth and simultaneously antagonize various stress responses. Hyperactivation of RAS signaling (via expression of constitutively active RAS2 V19 or deletion of BCY1, encoding a PKA regulatory subunit) did not abrogate growth inhibition caused by actin polarization, suggesting that RAS/PKA is not the relevant target through which actin polarization regulates cell growth.
TORC1 is an assembly of several proteins, including the target of rapamycin (TOR) serine/threonine protein kinase (reviewed in [8] ). TORC1 activity is stimulated by quality and quantity of nutrients (carbon, nitrogen, phosphate, amino acids, and likely others) and is antagonized by abiotic stressors. With the exception of amino acids, how TORC1 activity is regulated by these various cues is also poorly understood. Amino-acid abundances are thought to be signaled to TORC1 via the small GTPases Gtr1 and Gtr2, components of the EGO complex [9] (known as the Ragulator complex in metazoans [10] ). In the GTP-bound state, Gtr1 promotes TORC1 activation. GTP-loading of Gtr1 is mediated by the guanine-nucleotide exchange factor Vam6 [11] and the GTPase activity of Gtr1 is stimulated by the Iml1 complex, composed of Iml1, Npr2 and Npr3 [12] . TORC1 has three major effectors, a PKA-like kinase known as Sch9, a subset of type 2A protein phosphatases (regulated in part by the protein Tip41), and a putative transcription factor, Sfp1, which regulates ribosome biogenesis. Like RAS/PKA, TORC1 effectors also stimulate growth and simultaneously antagonize various stress responses. Importantly, Goranov et al. [4] found that, in cells in which these TORC1 effectors were engineered to be constitutively active, actin polarization no longer efficiently reduced cell growth. Furthermore, hyperactivation of Gtr1 signaling via expression of constitutively active GTR1 Q65L , or by deletion of IML1, NPR2 or NPR3, similarly reduced growth inhibition caused by actin polarization. Lastly, it was found that actin polarization triggered phosphorylation changes in multiple TORC1 effectors in a manner consistent with TORC1 inhibition. Collectively, these observations strongly suggest that TORC1 is a relevant target through which actin polarization impinges upon cell growth. Although this signaling pathway was elucidated using pheromone treatment to induce strong actin polarization, it is likely active during normal cell cycles but with amplitudes that are too small to consistently measure.
Whether or not actin-polarization cues signal to TORC1 via the Iml1 and EGO complexes, as hinted at in Goranov et al. [4] , is an interesting speculation that awaits biochemical experimentation for confirmation. In yeast, polarization of growth is mediated by the transport of lipid vesicles on actin cables and the fusion of these vesicles with the plasma membrane to enlarge the cell. Goranov et al. [4] speculate that polarization of growth -which, by definition, confines the volume to which new mass can be deposited -slows the rate at which these vesicles can be 'off-loaded' and the subsequent vesicle 'traffic jams' could produce the growth-arrest cue. How vesicle traffic jams would be sensed by TORC1 remains a mystery. Curiously, the Iml1 complex is thought to share homology with the HOPS and CORVET complexes [13] involved in vesicle trafficking to and from the vacuole where, coincidently, TORC1 resides. As the authors suggest, this raises the possibility that TORC1 is sensitive to vesicle traffic to or from the vacuole (Figure 1) . Importantly, decreasing macromolecule synthesis in cells experiencing prolonged periods of highly polarized growth, for example, during protracted exposure to mating pheromone, appears to be physiologically relevant because loss of this feedback makes it much more difficult for cells to eventually re-enter the cell cycle after pheromone withdrawal.
Growth of vertebrate cells has also been observed to be differentially regulated throughout the cell cycle (reviewed in [14] ) and, as in yeast, appears to be fastest in G1 [15] . This suggests that yeast will once again punch above their weight class in the elucidation of the mechanisms by which eukaryote cells regulate their growth. Notably, cell-cycle-regulated growth control is often disrupted in transformed cells, and, in some cases, this contributes to aneuploidy and tumorigenesis [16] . Beyond its potential clinical relevance, the Goranov study also adds to a growing list of unexpected functions for polymerized actin, which, in vertebrates, now also includes nuclear roles, such as the regulation of transcription [17] . Lastly, this study provides another example of how TOR operates in homeostatic feedback loops to regulate growth. Said another way, there are now several reports demonstrating that TOR effectors are also upstream regulators. Goranov et al. [4] , for instance, demonstrate that TORC1 is regulated downstream of actin polarization; but, reciprocally, actin polarization has also been suggested to be regulated downstream of TORC1 [18] . Similarly, TORC1 and TORC2 function both upstream and downstream of ribosome biogenesis and sphingolipid production, respectively [8, 19] . Although TOR signaling has historically been suggested to regulate growth in response to environmental cues, these studies suggest a second leitmotiv for TOR signaling, that is, cell-intrinsic or homeostatic control of cell growth. Understanding these feedback networks will be an important challenge, especially since TOR is a validated drug target in cancer amongst other diseases [20] . (A) Neither actin cables nor cortical actin patches (both in red) are polarized in freshly budded, G1 phase daughter cells. In contrast, actin structures are highly polarized in G2/M phase mother cells (B), or in G1 phase cells exposed to mating pheromone (C). In these polarized cells, actin cables orient towards and cortical actin patches accumulate in the bud (B) or shmoo tip (C). In non-polarized cells, growth, which is mediated largely by vesicular traffic, is thought to be isotropic, i.e. not limited to a particular place or volume. In polarized cells, growth is limited to a particular site, here the bud or shmoo tip. Goranov et al. [4] propose that polarized growth may trigger a backlog of vesicles along actin cables that -potentially through the Iml1 and EGO complexes (Iml1C and EGOC) -antagonizes TORC1 signaling (zoomed images). Reduced TORC1 activity slows biomass production and this is necessary for cells to survive long periods of highly polarized growth. N, nucleus; V, vacuole.
Marine Biology: New Light on Growth in the Cold
The recent collapse of the Antarctic Larson ice shelves revealed a slow growing benthic community on the seabed below. But a revisit just four years later revealed rapid growth of glass sponges. Antarctic continental shelves could become sites of significant carbon sequestration. , allowing scientists to take a first wide-scale look at a community which had emerged after developing under an ice shelf for tens or possibly even hundreds of thousands of years. Perhaps this was the closest we had come to envisaging life in a polar region during glacial periods -although there is evidence that, during glaciations, ice-shelves were actually touching the seabed in many areas despite the depth of the continental shelf around Antarctica. What the scientists found on the Larson embayment seabed was a community characterised by slow growing sponges and some faster growing pioneers, such as stalked ascidians. The former were interpreted to represent what had been present underneath the ice shelf and the latter were assumed to be new arrivals [2,3] -it could be argued that neither was a huge surprise.
This exposure of vast areas of continental shelf provided more than just an opportunity to look at how life had coped under thick ice and how others had then recolonised. The finding had potential implications for the change in Earth's climate that brought about the collapse in the first place. What had been ice covered and dark was now coastal open water that could support phytoplankton blooms, which take up carbon dioxide, which if buried on the seabed reduces aerial carbon dioxide and ultimately temperature. Major new phytoplankton blooms were indeed observed in the regions of ice shelf collapse, leading to estimates that existing ice-shelf losses meant that per year roughly 3.5x10 6 tonnes of carbon were being added to animals as new growth [4] . This finding would generate only modest scientific interest unless the carbon was being genuinely sequestered rather than merely 'borrowed' and rapidly
